Little data exists on drinking behaviour, sweat loss and exercise intensity across a competitive handball tournament in elite female athletes. Heart rate (HR), fluid balance and sweat electrolyte content were assessed on 17 international players across a 6-day tournament involving 5 games
Introduction
Handball is a fast paced body-contact Olympic sport played by two competing teams of 7 players (including a goalkeeper) on an indoor court (40m x 20m) over two 30 minute periods. It is generally recognised that games are played at high-intensity due to the nature of rolling substitutions and recent rule changes on starting the game from the centre after a goal is scored.
Despite its popularity, a paucity of data exits to describe the games physical demands. Recent research on elite male handballers has shown that players cover a mean distance of 4370 ± 702m during games, most of which is spent performing low-intensity aerobic exercise actions interspersed by a short duration of very high-intensity anaerobic actions (Póvoas et al., 2012) . In the latter study, players were observed to exercise at a mean intensity of 82 ± 9.3% of HR max . To our knowledge, only one study describes the physical demands within the elite women's game with players observed to cover distances of 4002 ± 551m and exercise at high mean relative workloads (79.4±6.4% VO 2 -max) during match-play (Michalsik et al., 2013) .
Handball is played indoors, and although most playing halls have temperature controlled environments, high-intensity exercise may result in thermal stress and subsequent disruption of body water and electrolyte balance. Team sport players have been shown to lose variable amounts of electrolytes in sweat (Kurdak et al., 2010; Maughan et al., 2007b) and the magnitude of solute loss appears dependant on both sweat rate and composition. In soccer, large individual variations in player sweat response are known to occur as a result of differences in environmental temperature and humidity, work-rates, state of acclimation and individual fitness (Maughan, Watson, Evans, Broad & Shirreffs, 2007) . When exercising in the heat, a 1-3% loss in BM due to sweat losses has been reported to result in elevated HR, core temperature (Tc), rating of perceived exertion, and plasma osmolality (Montain & Coyle, 1992; Buono & Wall, 2000) . More recently, it has been observed that muscle glycogenolysis significantly increases early in exercise with a BM loss of < 2% and this appears related to a rise in core and muscle temperature (Logan-Sprenger et al., 2013) . However, available data has shown that values in excess of 2% BM are needed before aspects of team sport physical and cognitive performance begin to be negatively affected (Baker et al., 2007; McGregor et al., 1999) . While many studies have investigated fluid balance in team sport athletes during practice or competition in the field (Maughan et al., 2005; Kurdak et al., 2010; Maughan et al., 2007) competitive tournament. In particular, there are no data available on women's handball. Olympic handball teams may play up to 5 games in 9 days during group stages of a major competition.
Since prior hypohydration will amplify the effects of any fluid deficit incurred during exercise, added emphasis on fluid-electrolyte replacement may be required during such time periods to ensure adequate recovery between games. For this reason, understanding the pattern of fluid and electrolytes losses during a tournament may assist with the provision of targeted interventions in players with high sweat rates or where failure to replace lost fluids might raise concerns of an ergolytic effect.
The main aim of this investigation was to observe normal fluid balance behaviour and quantify electrolyte losses across a competitive tournament in a team preparing for the Olympic Games.
Secondary aims were to describe the physical demands of elite women handball players and investigate whether or not fluid-electrolyte losses could be explained from exercise intensity and effort distribution.
Methods
Participants. Data were collected on an international team (n = 17) of female handball players (26 ± 5 yr, 1.72 ± 0.06 m, 70.7 ± 8.5 kg: mean ± SD) during a tournament scenario over six days.
Experimental design.
The team participated in two training sessions and five competitive friendly games against top club opposition whom were normally playing at the highest standard in European handball competition Table 1 and all measurements were recorded with a portable thermohygrometer (Higbo, Oregon Scientific, Berkshire, UK).
Study approval was obtained from the national governing body involved and collection of data arose as part of the service provision supplied to the team in preparation for competition (Winter & Maughan, 2009 ). All athletes agreed to take part and signed consent was obtained. To ensure player confidentiality, data were anonymized before analysis.
Testing procedures Players wore shorts and short sleeve T-shirts throughout testing. On the morning of training or games, players provided a urine sample (first void) into a pre-labelled urine collection pot (60 ml, Greiner Bio-One Ltd, Stroud, UK). Urine refractive index (Pocket Osmocheck, Vitech Scientific Ltd, Sussex, UK) were subsequently determined to provide an index of pre-exercise hydration status (Shirreffs, 2003; Sparks and Close, 2012) . Players were provided with dietary plans by the affiliated nutritionist in the lead up to training/games. As per norm, food was self-prepared in large player groups within nearby shared accommodation to the team home venue and this was not altered during the investigation. Neither dinner nor breakfast was recorded or standardized so as to avoid interference with player's normal dietary/fluid habits. Player menstrual state was not recorded during the 6-day tournament.
Over a 15-min period (-45 to -30 min) before the start of each game/training, players were weighed (nude) to the nearest 20 g on a calibrated electronic scale (Marsden W/M, Oxford, UK). After entry to the playing court, players were fitted with a heart rate (HR) strap and individual HR data was subsequently collected wirelessly at one-second intervals (Polar Team System, Polar Electro, Kempele, Finland). Following team warm-down, players were re-weighed (towelled dry nude) on the same calibrated scale. Body mass changes were used as a proxy measure for sweat losses. While this represents a limitation of the study, previous work has indicated that this represents a realistic field measurement to estimate hypohydration (Maughan et al., 2007a) . Players were asked to refrain from eating between weighing points but were free to drink fluids ad libitum and whenever breaks in play were permitted (1 minute time-out per-half is allowed by handball rules). Players were asked to consume drink products which they would normally consume during everyday practice and games. This included either tap water or tap water mixed with sugar free cordial for the current player group. Observed checks confirmed that no player consumed commercial drink products or electrolyte sachets during exercise. Therefore electrolyte intake during sessions/games was considered negligible.
All bottles were individually numbered and players drank from bottles assigned to them by team staff. All players were left to behave as they wished with regard to fluid consumption. During the time period from weighing players before and after exercise, each player's fluid intake was measured to the nearest 0.001kg on a calibrated scale (Adam Equipment Ltd., Milton Keynes, UK).
A volume of 1 mL ingested fluid was assumed to weigh 1 g. In the event of players wishing to urinate during the analysis period, they were accompanied by research staff to the toilet and provided with a pre-weighed urine collection bag with funnel (P-Bag, Medipost Ltd, Dorset, UK).
Filled urine collection bags were subsequently weighed to aid in determination of fluid balance. All bottles/collection devices were weighed out of view of the players at all times.
Sweat collection and analysis
Before three of the five games, players were prepared for sweat sample collection using methods outlined previously (Maughan et al., 2007b; Maughan & Shirreffs, 2008) . Briefly, players had To determine electrolyte concentrations, each sweat patch and container were weighed to the nearest 4 decimal places before 1 mL of deionized water was added. After mixing, the sample was analysed for sodium and potassium concentration using flame photometry (Sherwood 410, Sherwood Scientific, Cambridge, UK) and for chloride concentration using the mercuric thiocynate method (Randox, Crumlin, UK). All samples were analysed in duplicate and intra-run coefficients of variations were <5%.
Heart rate data
Player heart rate max data (HR max ) was obtained in the weeks leading up to experimentation using an incremental running test to exhaustion (Yo-Yo IE2 test) conducted by strength and conditioning staff. Confirmatory HR max analysis was achieved by comparing these results to those achieved previously (-4 months) using a laboratory incremental test to exhaustion. Previous work has shown that no systematic differences occur between HR max achieved using the Yo-Yo IE2 test and incremental treadmill test in intermittent sport (Bradley et al., 2011) .
Heart-rate readings were classified into 5 intensity zones, ranging from 50-59%, 60-69%, 70-79%, 80-89% and 90-100% HR max for assessment of physiological load in team handball (Póvoas et al., Fluid intake (L h ˑ -1 ) was calculated as total fluid intake during the recorded exercise session divided by the exercise time (per hour). Changes in BM before and after exercise were to assess acute changes in hydration status (% fluid deficit). Net balance of respiratory and metabolic contributions to BM loss was considered negligible as observed previously under similar environmental conditions for indoor team sport (Hamouti et al. 2010) . Sweat electrolyte losses (in grams) were calculated from the sweat electrolyte concentration, the molecular weight of the electrolyte, and the total sweat loss of the individual (Maughan et al., 2007a) . It was assumed that the mean sodium concentration (from 4 collected sites) represented mean whole-body sodium concentration although it is acknowledged that this may be an overestimate (Shirreffs & Maughan, 1997) . Data sets were initially tested for normality of distribution using the Shapiro-Wilk test.
Statistical analysis
Comparisons between data were then made using paired t-tests and a one-way repeated measures analysis of variance (ANOVA). Differences in regional sweat electrolyte concentration were determined by 1-way ANOVA and with Tukey's test of honestly significant difference.
Relationships between parameters were performed using a least-squares regression model, and the coefficient of determination (r 2 ) is reported (Maughan et al, 2005) . All statistical analyses were performed using SPSS v. 20. Data are presented as mean ± standard deviation (SD) with range of data given in parentheses. Statistical significance was set at P < 0.05.
Results

Heart rate
Player HR max achieved during incremental running test was 191 ± 7 bpm No between game-half differences were observed for either total or effective mean player HR (Figure 2) . Furthermore, no significant differences were observed between game halves at different interval percentages of players' HR max (Figure 3 ). The majority of effective game time (64%) was spent exercising at intensity >80% HR max , with 23% of game time spent exercising >90% HR max . No between game differences were observed for percentage of effective or total game time spent any of the designated HR zones. On 56% of occasions, player fluid intake matched or exceeded fluid (sweat) loss. Sweat loss was significantly higher during game 4 than training sessions and game 2 (P < 0.05), game 3 and 5 (P < 0.01). Across the five games, 43% of players lost body mass (BM) as a result of exercise with most (36%) of the group recording losses of <1% BM. In turn, 7% of the player group recorded a loss of >1% BM and no player was dehydrated >2% of BM. Conversely, 6% of the players gained more than 1% in BM across the games. On average, 0.0 ± 0.1% and 0.1 ± 0.1% net fluid deficits were recorded following games and training respectively.
Electrolyte balance
The mean (4 site) sweat sodium, chloride and potassium concentrations were 38 ± 10 mmol L ˑ , respectively (Table 2) . No significant effects for time (between games) were observed for sweat sodium, chloride or potassium content (P > 0.05). Mean sodium content of sweat in game 4 was significantly higher than game 5 (P < 0.01) while higher sweat chloride content was also observed in game 4 compared to game 2 and game 5 (P = 0.03). Sodium concentrations in the sweat patches of the 'back' torso were lower compared to all other sites (P < 0.001). Higher 'arm' chloride concentration was observed in comparison to values recorded from players 'back' and 'thigh' (P < 0.001). In turn, chest chloride concentrations were higher than both 'back' and 'thigh' samples (P < 0.001). Arm potassium concentrations were higher than back, chest and thigh concentrations while thigh concentrations were higher than back and chest (P < 0.001; Table 2 ). No association was observed between mean player sweat sodium concentration and sweat rate (r 2 = 0.001; P = 0.57). 
Discussion
The aim of this investigation was to assess fluid balance behaviour and determine electrolyte losses across a competitive tournament in elite female handball players. Secondary aims were to assess physical demands and whether or not observed changes in the above variables could be explained from player exercise intensity data.
While a limited number of studies have documented intensity of exercise in elite men's handball, to date, only one study has been carried out in the elite women's game (Michalsik et al., 2013) .
Present data shows that female players exercise at a similar mean intensity (155 ± 14 bpm -1
; 80 ± 8% of HR max ) to their elite male counterparts (Chelly et al., 2011; Póvoas et al., 2012) and that the majority of time (64%) is spent performing movements at high >80% HR max exercise intensities. As expected, mean exercise HR was considerably higher during competition in comparison to those observed in training sessions. This was due to the fact that the coaches used the training sessions with a tactical focus and structured lower intensity than normal to ensure players were not fatigued during the tournament. However, team HR values did not decrease during the second-half of games as observed previously in the elite men's game (Póvoas et al., 2012) . In the latter study, modest average relative body weight losses (0.9 ± 0.3%) were recorded. This, combined with data from the current study (0.0 ± 0.1% fluid deficit), suggests that factors other than dehydration may have be responsible for any observed drop off in exercise intensity in Handball. Although dehydration due to sweat loss is a known factor which can impair exercise performance (Coyle, 2004) ) players but considerably lower than indoor soccer (1.8 ± 0.7 L h ˑ -1 ) (Hamouti et al., 2010) . However, a large inter-individual variability (range 0.26-2.1 L) was observed, as noted previously (Maughan et al., 2007b; Hamouti et al., 2010) . This, taken together with the large variability in fluid intake across the investigation (range 0.25-2.74 L) highlights the need for individualized assessment of fluid balance strategies in a team sport environment (Shirreffs, Sawka & Stone, 2006) . With respect to the current athlete group, it was noted that 6% of players gained more than 1% in body mass (BM) by the end of the games, suggesting that some players might consume excessive fluids. Overall, 56% of players either maintained or increased their BM at the end of the game and this was particularly evident for goalkeepers and rolling substitutes, some of whom consistently consumed more fluids than were lost in sweat. This was most likely due to increased time available on the bench and ease of access to drinking bottles.
During handball competition, BM has to be moved against gravity and theoretically an increase in BM from resultant fluid intake might have negative effects on performance in particular when fatigue develops.
It has been reported that as little as a 2% loss in BM due to dehydration affects many physiological factors thought to indirectly affect performance. These include elevations in HR, core temperature (Tc), rating of perceived exertion (Montain & Coyle, 1992; Buono & Wall, 2000) and muscle glycogenolysis (Logan-Sprenger et al., 2012) . In this study, no player was dehydrated >2% BM (Sawka et al., 2007) has suggested that fluid intake during prolonged exercise should be sufficient to limit any BM loss to <2% of pre-exercise mass and that athletes should never drink so much that they gain BM during exercise. Therefore, the female handball players observed in this study appear to adequately replace fluids lost during exercise, and in some cases, education around the risks of overconsumption of fluids is warranted.
Across the six-day tournament, 54% of players awoke with a urine refractive index of <700 mOsmol/kg or a urine specific gravity <1.020, values previously suggestive of euhydration (Sawka et al. 2007 ). Research has reported that 91% of elite male athletes from a number of indoor team sports awoke in hypohydrated state before practice (Hamouti et al., 2010) . Therefore, data is suggestive that fluid management following exercise appeared adequate in the current player group.
Start time of training and games varied considerably between days and no difference in markers of hydration status was observed between sampling points. It is possible that given the elite nature of the current team and the tournament scenario, players were proactive in making sure to replace lost fluids during exercise. Alternatively, it is possible that fluid replacement strategies were altered by players as a result of been observed during the experimentation period. However, given that study experimenters were familiar with players and training environment prior to experimentation, the repeated observations and failure to identify trends in fluid intake across the study period; it does not appear that this was the case. It should be noted a small number of players (8%) consistently provided urine samples that were indicative of being very dehydrated (1.000-1.1290 mOsmol/kg; Armstrong et al., 2010) suggesting the need for targeted fluid replacement in such a player group.
There is some evidence of a positive correlation between pre-training urine osmolality and the volume of fluid ingested during a training session where fluids are freely available (Maughan et al., 2005) . Therefore, athletes who begin training with higher urine osmolality/specific gravity may be likely to drink more due to a greater sensation of thirst. In the current study, no relationship was observed between morning urine measures and subsequent fluid intake. Such findings have been observed previously (Maughan et al., 2007b) and may be dependent on the time period from morning hydration assessment and exercise onset. In this study, some games started at 3 pm and so it is feasible that athletes had adequate time to correct any fluid imbalance through normal sensory means. Unlike previous findings (Maughan et al., 2007b; Hamouti et al., 2010) , a modest but positive association was observed between the amount of sweat lost and volume of fluid consumed (Greenleaf, 1982) , indicating that sensation of thirst and ample fluid breaks was capable of offsetting major disturbances in fluid balance. Further work should be carried out to determine the strength of this relationship in athlete groups whom display a wide range in sweat rates.
Data from tennis (Bergeron, 2003) and American football (Stofan et al., 2005; Horswill et al., 2009) , have suggested that athletes who sweat profusely and have a high sweat sodium concentration may be more likely to experience muscle cramps. However, few if any studies have investigated whether or not electrolyte losses vary throughout a condensed tournament environment when replacement of salts lost in sweat may be of added importance to the recovery process. In the current study, mean sweat electrolyte concentrations were on the lower end of those reported previously (Maughan et al., 2005; Hamouti et al., 2010) . Very few studies have investigated electrolyte losses in elite female athletes (Kilding et al., 2009) and it is possible that gender differences may account for observed differences. Although speculative, given that players in this study voluntarily chose to consume plain water during exercise, it is also possible that this may, in part, account for the lower mean sweat sodium (38 ± 10 mmol.L -1
) concentrations observed (Sigal & Dobson, 1968) . A large inter-individual variation was observed for all sweat electrolyte concentration ( Table 2 .) as noted elsewhere (Maughan et al., 2007b) . Given that players were rather homogenous in terms of fitness level (had similar daily exercise programs), dietary intake (same food menus) and degree of acclimation, it's possible that genetic factors may underpin this finding.
As observed previously, no relationships were found between whole body sweat rate and sweat concentration of any electrolyte (Maughan et al., 2007b; Kilding et al., 2009) . This is in contrast to recent data in tennis which suggests sweat sodium concentration is related to an individual athletes sweat rate (Bergeron, 2014) . Given that a significant correlation did exist between player sweat rates and time spent exercising at higher intensities, present data are suggestive that time exposure to intense exercise may, in part, have a role in overall electrolyte loss (Hamouti et al., 2011) .
Regional differences in sweat electrolyte composition were observed as previously reported (Maughan et al., 2007b) . In this study, lower back torso sodium concentrations were observed compared with other collection sites. These findings are in contrast to previous work carried out on male cyclists (Patterson, Galloway & Nimmo, 2000) and both male and female atheletes cycling in a heat chamber (Baker et al., 2009) . Future studies should be carried out on female athletes undertaking differing exercise modes to explore further why such regional differences occur. While previous studies which have primarily focused on either once off sweat composition measurements, the current study assessed electrolyte losses across three games in a six-day tournament. Results
showed that with the exception of game 4, electrolyte concentrations in sweat were consistent between games. With respect to game 4, both teams agreed to play across 3 x 30 minute period (90 minutes total) for technical development reasons. Although between game sweat rates did not differ in this study and stability of electrolyte concentration has been observed across varying exercise durations (Montain, Cheuvront, & Lukask., 2007) , current data suggests that length of sweat patch sampling time does need to be taken into account when assessing electrolyte loss in athletes. A significant association was observed for total sodium deficit (1.03 ± 0. Tables   Table 1. Environmental conditions: Temperature (°C) and relative humidity (%) taken at 15 min intervals during the games. 
